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The loss of internal monosaccharide residues from anthracycline aminodisaccharides has been
studied using high and low energy collisionally activated dissociations (CAD). The mass
spectra and low energy CAD spectra obtained using electrospray ionization on a quadrupole
mass spectrometer were consistent with a structure in which positions of the two monosac-
charide residues were reversed. Key fragment ions observed in the product ion spectra of the
peracetylated derivative and the deuterated analog were used to provide evidence that a
rearrangement process had occurred. Mass-analyzed ion kinetic energy spectrometry data
were also consistent with a rearrangement. (J Am Soc Mass Spectrom 1998, 9,
710–715) © 1998 American Society for Mass Spectrometry
Anthracyclines are a class of anticancer agentswith a wide spectrum of activity in humanmalignancies [1]. The doxorubicin disaccharide
analog, 4-demethoxy-7-O-[2,6-dideoxy-4-O-(2,3,6-
trideoxy-3-amino-a-L-lyxo-hexopyranosyl)-a-L-lyxo-
hexopyranosyl] adriamicinone 1 (Scheme I), belongs to
a new series of synthetic anthracyclines, characterized
by an aglycone to which a disaccharide chain is linked
at position 7 [1]. The monosaccharide directly linked to
the aglycone is a fucose residue, whereas the terminal
residue is daunosamine, an aminosugar. Compound 1
shows activity superior to that of doxorubicin in lung
and gynecological cancers that have been implanted in
immunodepressed mice [2].
The first systematic characterization of underivat-
ized anthracyclines by mass spectrometry was given by
Gioia et al. [3], using field desorption (FD), fast atom
bombardment (FAB), desorption chemical ionization
(DCI), and LC-MS with direct liquid introduction. Fur-
ther studies of anthracyclines and derivatives by FAB
were published by Chandler et al. [4] and Dass et al. [5].
The structure of 1 was unequivocally demonstrated
by nuclear magnetic resonance, which also gave infor-
mation about its conformation in solution [6]. In this
article we report the results of the mass spectrometric
analysis of 1 and some related compounds. Electros-
pray ionization (ESI) mass spectra and collisionally
activated dissociation (CAD) spectra for this compound
supported a structure in which the positions of the two
monosaccharide residues were reversed, i.e.,
daunosamine was linked to the anthracycline core, and
fucose was in the terminal position. Fragmentation
behavior of (M1H)1 ions for peracetylated derivatives
and deuterated analogs was used to provide evidence
that a rearrangement process had occurred.
Experimental
Compounds 1 and 2 were synthesized according to the
method of Arcamone et al. [1] starting from the corre-
sponding aglycones.
N-Acetylation
Approximately 1 mg of 1 was dissolved in 50-mL MeOH
and reacted with acetic anhydride (1:1, v:v) for 15 min
at room temperature [7]. The sample was evaporated to
dryness under N2 and then reconstituted in 50:50
25-mM NH4OAc (aq):MeOH.
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Peracetylation
Compound 1 was peracetylated by mixing ;1 mg with
30-mL pyridine and 15-mL acetic anhydride in a sealed
reacti-vial [8]. The mixture was heated at 100°C for 1 h
and then dried under a steam of nitrogen. Two addi-
tions of 100-mL acetonitrile were made to the dried
sample. After each addition, the sample was again
evaporated to dryness under nitrogen. The derivative
was reconstituted in 100-mL methanol. To improve
solubility, 1-mL DMSO was added.
Deuterium Exchange
Approximately 1 mg of 1 was dissolved in MeOD, and
kept for 7 days at 4°C. Immediately before analysis, the
solution was diluted 1:50 with MeOD and introduced
into the mass spectrometer by infusion using the con-
ditions described below.
ESI MS and MS/MS Spectra
Either a Sciex (Concord, Ontario, Canada) API III Plus
or a Micromass (Altrincham, UK) VG Quattro triple
quadrupole mass spectrometer was used. The samples,
unless specified otherwise, were dissolved in 1:1 25-mM
ammonium acetate (aq)/acetonitrile at the concentra-
tion of 20–100 mg/mL and introduced by infusion at a
flow rate of 5 mL/min using a Harvard Apparatus
(South Natick, MA) syringe driver. The analysis was
carried out using positive ESI ionization, with a declus-
tering potential of 30–70 V. For product ion scans,
argon was used as the collision gas, with a collision
offset potential of 10–50 V.
B/E Linked Scans
Positive ion fast atom bombardment mass spectra were
obtained on a JEOL (Tokyo, Japan) HX110 mass spec-
trometer (EB geometry) using 10 kV accelerating volt-
age. The sample target was bombarded with xenon
atoms accelerated to 6 kV. Linked scanning at constant
B/E was used to obtain product ion spectra. Helium
was used as the collision gas in the first field free region.
The precursor ion was suppressed by 50%–70%. A
matrix of glycerol/thioglycerol (1:1, v:v) was used to
analyze ;10 mg of the peracetylated derivative.
MIKES and Kinetic Energy Release Experiments
Fast atom bombardment MIKE spectra [9] were ob-
tained using a Micromass (Altrincham, UK) ZAB mass
spectrometer using 8 kV accelerating voltage. The sam-
ple target was bombarded with xenon atoms acceler-
ated to 8 kV. Kinetic energy release (KER) values were
calculated using the formula reported by Cooks et al.
[9]. The sample was analyzed in a matrix of m-nitro-
benzylalcohol.
Results and Discussion
The mass spectra obtained for compounds 1, 2, and 3
contain ions indicative of molecular weight, either as
Figure 1. ESI product ion spectrum obtained from the (M1H)1 ion from 1.
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(M1H)1 or (M1NH4)
1. Figure 1 shows the ESI product
ion spectrum obtained from the (M1H)1 ion from 1.
The most abundant ions, all resulting from glycosidic
bond cleavages (Scheme I), indicate the expected struc-
tural features of the molecule. The base peak at m/z 130
corresponds to the daunosamine residue (B1 ion),
whereas the peak at m/z 260 (B2 ion) belongs to the
disaccharide chain and the peak at m/z 367 is related to
the aglycone moiety (Y0 ion). Several water or ammonia
losses from the above ions are also evident.
The expected fragment ion arising from loss of the
terminal daunosamine residue from 1 should be ob-
served at m/z 515 [(M1H)1 2 129], resulting from
glycosidic bond cleavage at the C-1 of the leaving sugar
and a concomitant hydrogen transfer to the central
sugar. However, a fragment at m/z 514 is present.
Considering the general rule that fragmentation of an
even electron ion yields another even electron ion and a
neutral molecule, with no known exceptions for glyco-
conjugates, the Y* ion corresponds to the loss of a fucose
residue [(M1H)1 2 130]. Further evidence for the loss
of the internal fucose residue is provided by the results
from the product ion spectrum obtained for the source-
formed fragment ion, m/z 514, which yielded the
daunosamine ion (B1) as the base peak (see Table 1). The
aglycone (Y0) and dehydrated aglycone ions at m/z 367
and 349, respectively, are also present.
The high energy CAD spectrum obtained by linked
scanning at constant B/E also produces a fragment ion
at m/z 514 rather than at m/z 515. This same behavior
is observed for an analog of 1 bearing a further hydroxy
group on the aglycone moiety (2), for compound 3
(N-acetylated 1) and for other related compounds, not
reported here. The ions observed in the mass spectra for
1, 2, and 3 are summarized in Table 1.
Since the structure of 1 had already been demon-
strated [3], and no impurities with reversed sugar
positions were present in the sample, as assessed by
HPLC-MS analysis (data not shown), the most logical
explanation for this behavior was the occurrence of a
rearrangement process, consisting of a transglycosyla-
tion with internal monosaccharide residue elimination.
An analogous phenomenon has been described in
the literature. Using high energy CAD FAB mass spec-
trometry, Bru¨ll [10] reported rearrangement of a termi-
nal monosaccharide with concomitant internal residue
loss for a series of underivatized and per-O-methylated
trisaccharides having 1 3 6 linked residues. Kova´cik
[11] described the formation of Y* ions (nomenclature of
Domon and Costello [12]) resulting from the loss of
internal a 2 1 3 2 substituted galactose residues from
tri- and tetrasaccharides. McNeil [13] utilized chemical
ionization mass spectrometry and reported the loss of
an internal monosaccharide from per-O-alkylated oli-
gosaccharide-alditols. In these works fragment ions
resulting from both simple cleavage of the glycosidic
bond and the rearrangement process were observed.
The CAD spectra from the anthracyclines under study
exhibited only the fragment ion arising from the rear-
rangement process. The fragment ions resulting from
simple cleavage of the glycosidic bond were absent. As
a consequence, the monosaccharide residues’ positions
could be misassigned when based solely upon interpre-
tation of the mass spectra.
A possible mechanism for the rearrangement, similar
to that which was described for the oligosaccharides
[10, 11], is proposed; however, there is no evidence to
indicate which oxygen is retained on the leaving inter-
nal residue and which one is involved in the new
glycosidic bond.
To provide proof that supported the structure as-
signed by NMR, as well as to demonstrate the occur-
rence of the rearrangement process, the following ex-
periments were performed.
Scheme I
Table 1. Fragment ions observed in the CAD spectra from compounds 1, 2, and 3
Compound MW Precursor (m/z) Species Y* X0 Y0 C2 B2 C1 B1
1 643 644 (M 1 H)1 514 385 367 278 260 148 130
514a 367 130
2 659 660 (M 1 H)1 530 383 260 148 130
3 685 703 (M 1 NH4)
1 556 385 367 302 172
Deuterated 1 652 653 (d8M 1 D)
1 522 371 264 133
Peracetylated 1 937 938 (M 1 H)1 766 535 214
955 (M 1 NH4)
1 214
aSource formed fragment ion.
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Peracetylated Derivative
The peracetylated derivative was formed and analyzed
using FAB and ESI MS. An ion corresponding to
(M1H)1 for the peracetylated molecule is observed at
m/z 938 in the FAB experiment. The high energy CAD
spectrum (Figure 2) shows ions consistent with the
known structure. The B1 ion at m/z 214 provides
unambiguous proof that daunosamine is in the terminal
position because this ion can only arise from bis-
acetylation of the sugar. Had daunosamine been located
at the internal position, only monoacetylation would
have been possible, and an ion at m/z 172 would have
been observed. The Y* ion at m/z 766, corresponding to
the loss of monoacetylated fucose (i.e., the rearrange-
ment), is also observed, and this supports the mecha-
nism, ruling out the involvement of other hydroxy
groups on the aglycone moiety. Similar results are
observed in the ESI product ion spectrum acquired for
the (M1NH4)
1 ion at m/z 955 (data not shown).
Deuterium Exchange
Analysis of 1 after deuterium exchange was performed
by ESI MS/MS. Figure 3 shows the product ion spec-
trum (obtained via low energy CAD) for the (d8M1D)
1
ion from 1 at m/z 653 in which the eight labile hydro-
gens are replaced with deuteriums. The product ions
have the expected mass shifts with respect to nondeu-
terated 1. Thus, the B1 ion appears at m/z 133 instead of
at m/z 130 indicating a trideuterated daunosamine
residue, whose formation is possible only if it is in
terminal position. Accordingly, the Y* ion at m/z 522
[(d8M1D)
1 2 131] corresponds to loss of the monodeu-
terated internal fucose. It should be noted that a struc-
ture with reversed sugar positions would also give rise
to ions at the same mass-to-charge ratio values, i.e.,
dideuterated terminal fucose at m/z 133 and dideuter-
ated internal daunosamine m/z 522. This possibility
can be excluded because the assignment of the ion at
m/z 130 in nondeuterated 1 is unambiguous. It has an
even mass, indicating an odd number of nitrogens (an
even mass for a fucose residue would be found only if
it were an odd-electron ion, which appears unlikely)
and it is shifted by 42 u in 3. In addition, m/z 130 is the
base peak in the product ion spectrum of 1, which is
more consistent with an ion containing an amino group
than only hydroxy groups. In conclusion, the mass
spectra of the peracetylated derivative and the perdeu-
terated analogs of 1 independently support the same
structure.
Metastable Ion Analysis
In order to give further confirmation that the transition
from (M1H)1 to Y* arises from a rearrangement, anal-
ysis of the metastable decompositions of the (M1H)1
ion of 1 was performed. This was achieved by MIKES
on a reversed geometry sector instrument, using FAB
ionization. Metastable ions possess an internal energy
slightly exceeding the critical energy of the lowest
energy dissociations, and hence yield fragment ions
arising from the decompositions with the lowest acti-
vation energies, such as those occurring with a rear-
rangement [14]. Accordingly, in the MIKE spectrum of
1 (Figure 4), the Y* ion, m/z 514, is the base peak in the
spectrum, suggesting that a rearrangement has oc-
Figure 2. High energy CAD spectrum from the peracetylated derivative of 1.
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curred. Also evident in the MIKE spectrum are the X0,
Y0, B2, and B1 ions. An ion at m/z 278, corresponding to
the disaccharide in which the oxygen linking it to the
aglycone has been retained is also observed. Other ions
arising from the rearrangement process, i.e., X0 and C2,
are much more abundant in the MIKE spectrum than in
the ESI MS/MS spectrum shown in Figure 1.
In addition, the KER of the transition m/z 644-514
was measured, on the assumption that in a rearrange-
ment process this value should be appreciably greater
than in a simple cleavage. The experimental KER was
215 meV, which was not significantly different from the
KER associated with the other fragment ions in the
MIKE spectrum. Given that the previous analyses of the
peracetylated derivative, the deuterated analog, and the
metastable ions were in agreement with the occurrence
of a rearrangement process, the result of the KER
experiment was ascribed, as a first hypothesis, to a low
difference between the internal energy of the rearrange-
ment products and the critical energy of the process.
Conclusion
The loss of internal monosaccharide residues from
anthracycline aminodisaccharides has been studied us-
ing high and low energy collisionally activated dissoci-
ations. The mass spectra and low energy CAD spectra
for underivatized and monoacetylated anthracycline
aminodisaccharides obtained using electrospray ioniza-
tion exhibit product ions that arise from loss of an
internal fucose residue. High and low energy CAD
spectra obtained for the peracetylated derivatives and
deuterated analogs of anthracycline aminodisacchar-
ides exhibit product ions consistent with daunosamine
at the terminal position, confirming that a rearrange-
ment had occurred. MIKES data are also consistent with
a rearrangement.
Acknowledgments
We are grateful to Dr. Mark S. Bolgar, Dr. Richard H. Mueller, Dr.
Venkatapuram Palaniswamy, and Dr. David J. Russell for helpful
discussions and to Dr. Amalia Cipollone and Dr. Marco Berettoni
for the synthesis of 1 and 2.
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